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lon Conductivity in Nanoscale Ca, F, 


93P60207A KEXUE TONGBAO = ged 
SCIENCE BULLETIN in Chinese Vol 38 No 3, 
1-15 Feb 93 pp 221-22 


[Article by Su Farg [5685 2499] and Xie Bin [6200 2430) 
of the University of Science and T of China 


Basic Center, Structural 
tory, Hefei 230026, and Wu Xijun 1503 0193) and 


Qin [4440 2556 5391) of the CAS Institute of 
Solid Stoce Pisveice, Hobo! 2300 1: “lon Conductivity in 
Nanometer Cail BaF ae grants from 


he) Plan New 

NSFC and State High-Tech [863] Plan Materials 

Area; MS received 7 Jul 92, revised 16 Oct 92} 

ee Via an inert gas evaporation and vacuum 
pressurization/vacuum deposition technique, the 

authors have two bulk nanoscale materials 

exhibiting fluorine y ool pe gm 2 and 


very 
10-20 nm (average 15 nm). Measurements indicate that 
the nanoscale CaF, ion conductivity is higher than that 


of polycrystalline CaF, by 1 order of magnitude (at 
300°C) or 0.8 order of magnitude (at $30°C), and 2 
CaF; ion activation is 1.13 eV. For 
— Caan ion conduc- 
tivity measures | magnitude (at 300°C) or 0.6 
order of magnitude (at 530°C) higher than that for the 
nanoscale CaF,; ion conductivity activation is 
2 — 
and 3 (not reproduced) depict various graphs of the 
measured data. 

ft oher ere me 
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BULL., 1976, 11: 162-172. 


3. Su Fang, SOLID STATE IONICS, 1982, 7: 37-41. 


4. Su Fang, Xu Wei, Su Jun, WULI XUEBAO [ACTA 
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Research on Nanoscale Direct Etching on 
Graphite Surface 

93FE0753A Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BULLETIN} in Chinese Vol 38 No 5, 
1-15 Mar 93 pp 433-435 


Article by Wang Zhonghuai [3769 1813 eH Dai 
un stot 7022 2504}, Sun Hong [1327 4767], and 
Bai Chunli (4101 2504 4409, liaison person] of the Insti- 
tute of Chemistry, Chinese Academy Pa gpany Rea 4 
of 

n 















100080: “Study of Nanoscale Direct Etching on 
Surface”; funded by the Natural Science Foundatio 
China and the Chinese Academy of Sciences; MS received 
4 Sep 92, revised 15 Nov 92. Cf. brief report in JPRS- 
CST-92-017, 24 Sep 92 p 25] 
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Figure | shows the structures of three predetermined Figure 2. Characters and Designs ¥ h Line Width About 
etched lo: ions formed by pulse voltage on the graphite 10 am Etched With a Aboat 
surface. The structures of both bumps and cavities appear © -4.§ V and Width of 8 ms. (a) The two etched characters 
knee pape hcones p= heen abet fhe eM “Zhong Guo,” character size: 200 nm x 200 nm. (b) The 
similarities of the general structures of these spots ” 

indicate that the probe shape affects the etched marking. com emer Mbt eth hc 
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[Abstract] Via a citrate method—domestically manufac- 
tured Zn(NO;)..6H,O dissolved in citric acid and 


im (from Japan) polyethylene glycol—nanoscale 
ae e ZnO of diameter 20 nm, 26 nam, 


at 450, 500, and 550°C, respec- 
tively) have been i Instruments used include a 
Shimadzu 


synthesized. 
model XD-3A X-ray 


1. Seiyama, T., et al., ANAL. CHEM., 1962; 34: 1502. 
2. Seiyama Kagaula, T., ANAL. CHEM., 1966; 1070: 38. 


3. Zen — yy CAILIAO KEXUE JINZHAN 
eats MATERIALS SCIENCE], 1989; 3(3): 


ATIS 
May 93 pp 119-122 


(Article by Bao Xinmu {7637 2450 0505), Zhang Yan [1728 
484), Xiao Liangzhi [5135 $328 6 7 and Li Tigin 
[2621 6993 3160] of the Dept. of Chemistry, Jilin Univer- 


00081), and 


World Lab, Beijing 1 Lai Zuyou (6351 4371 
3731) and Gu Shiwei {735 0013 3161) of th Dept. of 


i J U , 200030: 
— Cuore Onl Pept 
i ; received 22 Aug 92, sup- 


un 130023 (Xiao and Li also of the CCAST, ' 


3. 14¢V. Table 2 shows that 

pad pmnren  Sge T pee Seg Ligh pow 

TiO, UFPs is similar to of stearic- 
ae AR one 2.71 eV vs. 2.63 eV), but bigger 
cae eV) of UFPs coated with dodecyi- 
benzene acid (DBS). 
Two figures. 
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Y-TZP Nanoscale study the coherency between powder particles. 
93FE0761A GUISUANYAN XUEBAO _— Before discussing the sintering model, we assume 
[JOURNAL OF THE CHINESE CERAMICS SOCIETY] —B———⏑— 
in Chinese Vol. 21 No 1, Feb 93 pp 29-32 as when the linear rate is less than 5 percen 


: 
: 
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Academy of Shanghai, 200050), Guo Jingkun 
[6753 2529 0981}, Ma Litai [7456 0448 3141], and aaeee Oe Santen See De are ae 
Ruan Meiling $019 3781) of the Shanghai Insti- 
tute of Ceramics, Chinese Academy of Sciences: 


“Study of Sees Sr eran nara ae — AP = 2y/R = 2 x 0.8/10 x 10° = 16 x 10’ N/m’, 

Y-TZP Nanoscale Powder”; MS received 22 Jul 91] ' ~ Under this drivi 

{Excerpts} Abstract force, the stress in the contacting surfaces among 

Based on the kinetics study of the initial stage of  >**ticles is increased. (passage omitted] 

sinanite of Y-TZP aanconsie yen 3 > meee eh 

grain boundary expansion main cause Conclusion 

shrinkage in the early sintering stage. The equation of ° 

the corresponding sintering kinetics is derived. Based on the mechanism of densification by sintering 
the Y-TZP SFP, the initial sintering stage model and 

1. Foreword the corresponding kinetic equation are derived. The 

Systematic sintering research aims to establish a ls ” 

kinetic model for the early stage of sintering. Past 

researchers derived many corresponding modeis,'~’ 

and experiments prove that they were correct t0 8  Boeferences 


attention study sintering SFPs. imental Test of Diffusion Models in Powder Com- 
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that improved sintering kinetics rules can be estab- 2. Coble, R. L.. "Sintering Crystalline Solids I. Ser 
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Development of High-Temperature Ceramic 
Composites 


93FE0761C Beijing GUISUANYAN XUEBAO [JOURNAL 
OF THE CHINESE CERAMICS SOCIETY) in Chinese 
Vol 21 No 1, Feb 93 pp 7/-87 


[Excerpts] Abstract 


Based on the requirements for applications above 
1,600°C, this paper comments on the current status of 
i properties and limitations of struc- 


materials (FGMs). For temper. 
ature —*8* 1,204-1,571°C, attention is focused on 

and of reasonable cost. Currently, the 
most promising materials for 1,600°C and above in the 


hess, strength, resistance, and fatigue fracture 

resistance. The nano/ materials are made of 

nanoscale matrix crystal grains and nanoscale disper- 

sion phases. The nano/nano materials have additional 
such as fabricability and super-plasticity, 

similar to those of metals. 

3.2 CNC Properties 


















































Figure 7. Fabrication Processes of Al,O,/SIC, Al,O,/ 
Si,N, and MgO/SiC Nanocomposites 











Table 3 and Figures 8-12 show the CNC property improvements. 





Table 3. Improvement of the Mechanical Properties Observed for the Ceramic Nanocomposites 





























Composite systems Teaghness KjC/MPo-ml2 Strength of MPa Maxima operating temperatere T/C 
AlzOySIC 3548 330 — 1520 $00 — 1200 
Al2Oy/Si3N4 3.5 4.7 350 ~. 830 800 — 1300 
——— —— 340 — 700 600 — 1400 
—— —— $50 — 1550 1200 — 1400 
sop Glaperted Be RST’ CNC loon intentaye CHC. When te 





















































3.2.3 Compared with Al,O, and MgO ceramics, Al,O,/ 
—* Al.OSi, N. and MgO/SiC CNCs have much 

proved strength at temperatures above 1,000°C 
(Figure 10). The high-temperature strength of MgO/ 
SiC CNC is strikingly improved. The MgO/ 


CNC containing 32 volume percent of nanoscale SiC is 
still above isNd/SiC CNC, the nanoscale Si puns 


J 
Ke 
th 
ee 
if 
; 
* 


scale particles pierce into or enter the dislocation 
zones, i sub-grain boundaries, resulting in the 


— — t* 
strength, 


also improves the thermal shock and other thermal 
mechanical properties. 


The function of dispersion phase in Si,N,/SiC CNC is 
obviously different from that in oxide CNC in the 


Si, N. This indicates that the dispersion phase and the 
matrix are directly bonded, which improves the com- 
posite’s high-temperature mechanical properties and 
possibly oxidation resistance. 


ny 
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93FE0877A Beijing GUISUANYAN XUEBAO 
[JOURNAL OF THE CHINESE CERAMICS 
an” in Chinese Vol 21 No 1, Feb 93; No 2, 


{Article by Sui Tongbo [7131 0681 3134}, correspon- 
dent, ogy Tingji [3769 1694 4694) of the Chinese 


“Study of 

of Ultrafine SiC Powder”; MS received 24 May 91] 
[Vol 21 No 1, Feb 93 pp 33-37] 

[Text) Part I. Experimental Laws, Powder Characteristics 


laser method of producing high-purity ultrafine 

was initiated by MIT.? Similar research has also been 
launched in Japan, France, and other countries.?* 
This experiment studies the rules and mechanism of 
synthesizing ultrafine SiC powder from the SiH, + C,H, 
system with a 50 W continuous-wave (CW) CO, 
(wavelength 10.6 um) as the heating source. 


J 


SiH {g) + (1/2)C,H fg) = SiC(s) + 3H2(g). 


Figure | shows the schematic diagram of the device 
arrangement for this experiment. Its main feature is that 
the flow directions of the mixed reacting gas are perpen- 
dicular to the laser beam. A mechanical vacuum pump 
evacuates the rection chamber and the tubing system to 
an atmospheric pressure of about l.33 Pa. The buffer gas 
Ar flows into the chamber window as well as into the 
nozzle through the respective mass flow controllers 











(MFC). Reaction gases, SiH, and C,H,, through their 
yeaa wide db Reaydies ag Pegdban Ty 
then the gas mixture enters the nozzle. regulator (R) 
adjusts the pressure in the reaction chamber. The laser 
Output power is 35-40 W. After the laser beam is focused 
with a KCi crystal lens, its power density reaches 860- 
1,000 W/cm?, When the gas mixture of SiH, and C,H, 
meets the focused laser beam, it quickly reaches the 
reaction temperature through its resonance with laser 


2.2 Experiment on Reaction Conditions 











2.2.2 Effect of Pressure p in Reaction Chamber 


When all other conditions remain unchanged, the weight 
percent w of free silicon in the product decreases with 
reaction chamber pressure p, as shown in Figure 3. 


60 








-. pxl0?/ MPa 
Figure 3. Effect of Cell Pressure p on f-Si Content in 
Laser Powder 





2.2.3 Effect of the Nozzie’s Inside Diameter 2r 









































2.2.4 Effect of Focal Length of Lens 


When the focal length of the lens is 50 mm or 100 mm, 
the reaction zone is small, resulting in low production 
rate, but the SiC powder tends to be crystalline because 
of the high laser power density and the high reaction 


reaction zone is large, resulting in higher production, but 
the SiC powder is practically non-crystalline. 


3 
3 
5 
: 
ẽ 
* 
— 


2.2.5 Effect of Ar 
Argon flows into the system at two different locations: 


comparatively stable aad tends to concentrate in a small 
zone. To obtain a stable flow into the chamber, the Ar 
flow rates in both paths are selected to be 0.40 L/min. In 
the experiment, Ar does not show other effects. 


electron diffraction, infrared spectroscopy, 
transmission electron mi emission spec- 
troscopy, and chemical is. Table 1 shows the 
characteristics of the ultrafine SiC powder made under 
two typical sets of experimental conditions. Figure 5 


[photographs not 
graphs of the ultrafine SiC 
different conditions (a,b), respectively. 


‘ 
3 
: 
g 
3 





Table 1. Typical Experimental Conditions and Character- 
istics of SiC Powder Produced by Laser Synthesis Process 












































—5— power density/W- 860-1000 
Lens focus/mm 140 
Nozzle inner diameter/ 1.0 2.0 
mm 
Cell pressure/MPa 0.08 0.08 
Argon flow rate/L-min”! 0.80 0.80 
C2Hg flow rate/mL-min*! “0 20 
SiH, flow rate/mL-min"! 5 10 
Ultrafine SiC powder (a) (b) 
Powder size/nm 10-18 20-35 
Specific area/m*-g"! 98.5 16.5 
Crystallinity Some No 
SiC mass contenv% >96.0 
O2 mass conteny/% <2.%4 
Metal conten 10° <10 




















2.3.1 Physical Properties 


Table | and Figure 5 show that the ultrafine SiC powder 
made by laser synthesis has high purity and is loosely 
agglomerated. Its grains are ultrafine (nanoscale), spher- 
ical, with narrow size distribution. The powder meets the 
ideal powder requirements. When the powder contains 
f-Si, it looks brownish; when it contains free carbon 
(f-C), it looks blackish. color indicates that the 
stoichiometric ratio of SiC is correct. 


2.3.2 Chemical Properties 


Chemical analysis shows that the synthesized product 
contains about 96.0 weight percent of SiC and very low 


oxygen enters the 
chamber along with Ar as well as with the reaction gases, 
and it forms oxide (combined oxygen) with the sub- 
stances in the chamber. The oxygen content can be 
maintained at below 1.0 weight percent, if the powder is 
collected and stored in isolation from the atmosphere. 


Figure 6 shows the infrared absorption spectrum of the 
powder. The strongest absorption peak indicates the 
Si-C bond. 

2.3.3 Powder Crystalline State 


The X-ray diffraction and electron diffraction analyses 
show that the product is mainly non-crystalline SiC with 
a small amount of B-SiC as shown in Figure 7. 


3. Conclusions 


(1) The ultra SiC powder made with a laser synthesis 
(2) The increase of the flow ratio C,H,/SiH,, the pres- 
sure inside the reaction chamber, the nozzle inside 
diameter, and the laser power intensity reduce f-Si in the 
product. In other words, the product is closer to the SiC 
stoichiometric ratio. 


(3) As shown in Figure 4, the conditions for the synthe- 
sizing of high-quality ultrafine SiC powder are not 
restricted to one point, but spread in a defined area. 


(4) The SiC content in the product is above 96.0 weight 


percent. 
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Figure 6. IR Absorption Spectrum of SiC Powder in 
KBr Pellets 
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Figure 7. XRD Pattern of Ultrafine SiC Powder 
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[Vol 21 No 2, Apr 93 pp 163-168] 
[Excerpts] Part II. Modeling, Analysis 


Abstract: Based on experimental results in Part | of this 
paper, and the law of conservation of energy, a simpli- 
fied theoretical model is proposed. From the model, the 
relation between reaction temperature T and other tech- 
nical parameters is derived as follows: T = T, + (X/Y){! 
- exp(-Y t/b)]. Results calculated from this equation agree 
with the experimental results. The reaction feasibility 
and the production rate of ultrafine SiC powder are 


investigated according to the thermodynamic theories. 


[Introduction| 


The complexity of the entire chemical and physical 
process makes it difficult to describe the 

chemical reaction induced by the laser. Haggerty et al.'~° 
did extensive work in this field. To further study the 
inherent rules of laser-produced power, this paper pro- 
poses a simplified theoretical mode! based on the exper- 
imental data. The model establishes a series of conclu- 
sions which agree with the experimental results. Based 
on thermodynamic theories and the simplified theoret- 
ical model, this paper analyzes and estimates the reac- 
tion feasibility and the powder production rate of the 








laser process. The experimental parameters and powder 
characteristics are stated in Part I* of this paper. 


1. Model and Analysis 


1.1 Simplified Theeretical Model 


Let us assume that after absorbing the laser energy, the 
material in the reaction zone maintains a thermal equi- 
librium state, then the total laser energy dE absorbed by 
the material is partially (dE’) used for producing SiC; 
and the balance of the absorbed energy dE“ is consumed 
by heat exchange with surrounding substances. The 
relation can be expressed in the following equation: 


dE = dE’ + dE“ (1) 


After absorbing the laser energy, the reaction gases 
rapidly raise its temperature from the environmental 
temperature To to the reaction temperature T. Through 
a series of calculations? from Equation (1), we can derive 
the relation between T and other parameters, namely, 
laser power output P, nozzle inside radius r, the length | 
of the laser heating zone, and the pressure p inside the 
reaction chamber. The derived equation is listed as 


T = To + (X/Y){I - expl-Yv/d)} (2) 
X and Y are constants in the process parameters; 
X = (a, (C/Si) + a, P; 
Y = c (Ar/Si); 


t is length of time the gases stay in the reaction zone and 
is given by t = (xr7/V) (p/p’) |; 





a, and a, are the absorption constants at 10.6-4m wave- 
length for C,H, and SiH,, respectively; 


C/Si and Ar/Si are the atomic ratios in the gas source, 
respectively; 


p’ is gas pressure in the tubing system; 
V is total low of C,H, and SiH, in the gas source; and 
b and c are ratio constants. 


Equation (2) explains the test results of Part I of this 

paper quite satisfactorily under the assumption that the 

reaction product SiC depends on reaction temperature 

T, i.e., the higher the T, the more SiC product and the 

less free silicon (FSi). 
and 


Figure Figure 2 display the theoretical curves 
plotted from Equation (2), where: a, = 0.1, a, = 0.5, b= 
0.1, c = 0.5, p’ = 0.14 MPa, | = 0.20 cm, and P = 40 W. 


Figure | shows the relation between reaction tempera- 
ture T and C/Si ratio in the gas source, inside nozzle 
diameter 2r, flow rate, and the chamber inside 
pressure p, when Ar/Si is fixed at 80. 


Figure | also sho reaction temperature T 
wi 


with increase 


iminate f-Si. The conclusion 
tal results in Part I of this 


g 
iF 
oa 
5 
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Figure 1. Theoretical 





of Reaction Temperature Upon Inner Diameter of the Nozzle 2r, C/Si Atomic 


Dependence 
Ratio in Gas Mixture, SiH, Flow Rate and Cell Pressure; T is a Normalized Temperature 
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Interestingly, the experiment has determined that f-Si 
can be eliminated under condition B (2r = 1.0 mm, SiH, 
= 5 ml/min, p = 0.08 MPa, and C/Si = 16). From Figure 
1, reaction temperature T°, under this condition can be 
reached. Based on this finding, other conditions (A, C, 
D, and E) to achieve the same purpose can also be 
deduced as follows: 


Condition A. 2r = 2.0 mm, SiH, = 10 ml/min, p = 0.085 
MPa, and C/Si = 4; 


Condition C. 2r = 1.0 mm, SiH, = 
MPa, and C/Si = 16; 


Condition D. 2r = 0.5 mm, SiH, = 5 ml/min, p > 0.1 
MPa, and C/Si = 16. 


All the above agrees with the experimental results in Part 
I of this paper, and explains that the existence of f-Si is 
mainly caused by a temperature below the required 
reaction temperature. 


It is worth mentioning that condition E (2r = 2.0 mm, 
SiH, = 8 ml/min, p = 0.1 MPa, and C/Si = i) where C/Si 
= |, is derived from condition B, which indicates that it 
is possible to use a low-power laser to produce ultrafine 
SiC powder conforming to the stoichiometric ratio. 
Experiments to prove the theory are in progress. 


Figure 2 shows the relation between reaction tempera- 
ture and atomic ratio Ar/Si in the gas source. Reaction 
temperatures rapidly decline with increase in Ar/Si ratio 
until Ar/Si reaches 60. From then on, changes of Ar/Si 
ratio are not apparent. The experiment in Part I used this 
Ar/Si value, which explains why the Ar content did not 
affect the experimental results. [Passage omitted] 


10 ml/min, p > 0.1 


2. Conclusions 


(1) The fact that the simplified theoretical model and a 
series of deduced conclusions agree with the experiment 
as described in Part | indicates that to a certain degree 
a 


(2) The temperature equation (2) and production rate 
formulae (9-1 and 9-2) point out the direction of param- 
eter adjustment as well as the target production rate. 


(3) The conditions deduced from theoretical chemical 
reactions are considered the most scientific and econom- 
ical working conditions. In theory, working under the 
conditions of theoretical reaction, it is possible to pro- 
duce SiC with stoichiometric ratio through the use of 
low-power laser devices. 
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Study of TKC,N) Ceramic Composites 
Pecos by tanaaie Hot-Pressing 

93FE0877B Beijing GUISUANYAN XUEBAO 
[JOURNAL OF THE CHINESE CERAMICS 
SOCIETY] in Chinese Vol 21 No 2, Apr 93 pp 182-187 


[Article by Zhang Guojun [1728 0948 6511], correspon- 
dent, the Institute of Advanced Ceramic Technology, 
Chinese Academy of Building Materials Science, Beijing 


100024: “Study of TiB,-Ti(C,N) Multiphase Ceramics 
eg ne by Reactive Hot-Pressing”; MS received 2! 
I 


[Text] Abstract: Through chemical reaction design, TiB,- 
Ti(C,N) ceramic composites (multi-phase ceramics) can 
be manufactured by the reactive hot-pressing method 
with Ti, TiH,, BN, B,C, C, B, etc., as raw materials. The 
method is simple and its manufacturing cost is low. SEM 





where: x = 0-1, a = 0-2, and § = 2. This process 
eliminates the synthesizing of raw materials, simplifies 
the ——— — method, and thus greatly reduces the 
production cost is paper presents the reaction mech- 
anism during the course of reactive hot-pressing, the 
mechanism of the microstructure formation, and other 


related phenomena. 
2. Experimental Work and Results 


2.1 Sample Preparation 


The experiment adopted reaction (1) with x = 0.5 and a 
= 1.25. The starting materials were: TiH, (made by the 
Beijing Nonferrous Metals Research institute), BN 
(made by Yingkou Fine Chemicals Plant), and B,C 
(made by Mudanjiang Second Grinding Materials 
Plant). The quantity of each material was calculated 
according to reaction (1). To densify the hot-pressing 
product, 2 percent of Ni powder (made by the Beijing 
Iron and Steel Research Institute) was added. The pur- 
pose of using TiH, is that TiH, will decompose to 
reactive neo-titanium. Table | shows the properties of 
different starting powders. The raw materials were first 
mixed and then ground in an Al,O, ball mill for 12 hours 
with alcohol as grinding medium. The ground mixture 
was dried and then hot-pressed in vacuum at 1,850°C 
and 25 MPa for 30 minutes. 



































pe dg phd ome mon Pas — Table 1. Properties of Various Powders 
4 man process. First, Poude: Chemical compesi- Particle 
TUCO com tombuniees uate, end ten tad — pees _— 
together with other ingredients. The mixture was either 5x BN (99.30), 1B Agpren. | 
poe on ag sintered? to TiB,-Ti(C,N) — * 3). 18303 (0.44), 
com press-sintering method simplified ), 
—— technique and reduced the cost.? Currently, (003), NiO (02) 
the bend strength of the composite made by the press- _—TiH2 ~ o30 
sintering method is 600 MPa, but the composite made by Bac —* 3 
the hot-press method can reach 900 MPa. This investi- 

a process, i.e., reactive hot- Ni s <3! 
pressing,’ which mainly uses the following chemical ‘Obtained by SEM 
reactions: | 

(1+a) Ti+ (1-5) BN+22t2—1 pc 4 Se—2271 ¢ 


4 
—>aTiB, + TiC,N;-. 

(1+8) Ti+ (1—x) BN+xB,C + (28—3x-—1)B 
— BTiB, + TiC,N; os 
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result is the average of 10 readings. 


2.2.2 Bending strength by a three-point test: The speci- 
mens were made by electrospark ing. One side of 












































Produced by Reactive Hot Pressing 

mm. The loading speed was 0.5 mm/min. The result is 
the average of five tests. 

a ae was 
2.2.3 Electrical resistance at room temperature: A four- Stine (woleh — — 
point-probe method was used to measure electrical resis- ( oe 
tance at room temperature. The result is the average of 2.2.5 Microstructure A scanning 
five tests. (SEM) with an electron acceleration 

of 20 KV was used to study the microstructures of 
2.2.4 Phase analysis: The composite phases were ana- fracture 
lyzed by X-ray diffraction (XRD). Figure 1 shows the Table 2 shows the test results. 

Table 2. Properties of TIB,-TiC, No⸗ Ceramic Composite 
Relative density/% Vickers hardness/ Bending strength/ Electrical resistance/ Mass composition of phase/% 
GPa MPa pQ-cm 
TiB2 TiCo.sNo.s 

97.0 25 435 +/- 6.8 15.9 oan 40.2 
3. Analysis and Discussion In Figure 2b, the gas holes can be divided into two 
The XRD spectrum shows that there are only TiB, and . pet ic oa owed ae 
Ti(C,N) phases in the ceramic composite. Chemical Seosesutan ty ates. ets Mile aos oan oo 
analysis also reveals that the composition of each phase erated by the arch-effect between particles during 
is close to the composition derived from theoretical forming Primary holes can be eliminated by 
analysis. These facts indicate that the aforementioned condal cmapaie tak caiuaics adidas te te 
chemical reactions are correct. We can assume that the —the other are called secondary gas holes; these 
adjustments of the values of a, B, and x in reactions (1) gre euite anifores in ize Textinanh. ont 
and (2) will change the mass ratio of TiB, and Ti(C,N) — — —— 
phases as well as the mass ratios of C and N in Ti(C,N). holes are probably caused by two factors: First, 
It is possible that the properties of TiB,-Ti(C,N) ceramic production technique that could not elim- 
composites can be adjusted within a wide range. ae > Sone se oe oe Sa Ga 
The binary phase diagrams of TiB,-TiC and TiB,-TiN ey ———2 bilit A produced 
show that at the experimental temperature the mutual the ye ppc hot — = 
solubility between TiB, and TiC or TiN is very limited _{itanium during the course of reactive hot-pressing. The 
and can be ignored. Further discussion will not consider  iNary phase diagrams of Ti-B, rf. Ry 
the mutual solubility factors. Figure 2 {photographs not {hal st 8 hot-pressing femperature Of | 850°C: the max. 
reproduced] shows the BSE morphology of the polished (Ti(1)) are 22, 9 snd 2 stomnie percent, —— 
surface of the ceramic composite. In the : of B, C, and N exceed these 


TiB, appears to be dark gray, Ti(C,N), light gray; Ni, 
white; and gas holes, black. Figure 2 also shows the 
following features: very nonuniform distribution of TiB, 
and Ti(C,N) phases; gas holes; and a wide range of grain 
sizes. Some of the TiB, grains reach 10 pm, about the 
size of raw TiH, powder grains. Generally speaking, 
TiB, grains are much larger than Ti(C,N) grains. The 
additive, fusing-aid Ni, exists mainly in the interfaces 
among three grains. 


Ti(l) + C — TiC(s) (3) 
and TiC + Ti(1) + C + N — TiC,N,.,(s) (4) 
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which means that the newly formed TiC acts as nuclei 
for the formation of TiC,N,.,. The fo: mation of TiB, is 
due to the fact that the "B quantity in liquid titanium 
exceeds the saturated concentration and produces the 
following reaction: 


Ti(1) + 2B — TiB,(s) (5) 


Due to the fact that the solubility of boron in Ti(1) is far 
greater than that of nitrogen, when both boron and 
nitrogen dissolve in Ti(1), the solution tends to reject 
— Serenenines, Se Serene Sovnee fo etree ia 

the specimen during hot-pressing and forms very minute 
holes. To eliminate these holes, the x value in TiC,N,.,, 
and the a and 6 values in reactions (1) and (2) should be 
adjusted so that the formation rates of TiB, and TiC,N,. 


(iinet iia Cia, a 
is the dispersion of segregated Ti(C,N) crystals in the 
TiB, grains. There is great variation in crystal sizes, 
about 10 nanometers. Similarly, the segregated nanos- 
cale TiB, crystals also exist in the Ti(C,N) grains. The 
segregated TiB, crystals are even smaller than the segre- 
gated Ti(C,N) crystals. In another investigation, 


the sogregnted TID, cryscs exit in TiC, single crystals. 
The segregated crystals with sizes of a hay = ter aoa 
were caused by the additives (such as B, etc.). They also 


—A——— 


H 
Fe. 
Ba 
hi 
9— 
a 
5 


4. Conclusions 


(1) It is possible to make TiB,-Ti(C,N) ceramic com- 
posite by the reactive hot-pressing process, which is 
simple and less expensive. 
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(2) When B, C, and N dissolve in Ti(!) and form a 
saturated solution, the formation of TiB,-Ti(C,N) is 
postulated according to the following process: 


Ti(1) + 2B — TiB,(s); 
Ti(l) + C — TiC(s); 
and TiC(s) +Ti(1) + C + N — Ti(C,N Xs). 
(3) The nanoscale Ti(C.N) crystals disperse in the TiB, 


the properties of the material. It requires further study. 


(4) Cracks propagate transgranularly when they 
encounter large grains. 
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Further Reports on Nanomaterials 
Effect of Cu, Nb on Fe-Si-B Amorphous 
ead he Poaectaen 
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Article by Yang Huisheng [2799 2585 3932], Zhang 

(1728 11 1108 4389], Ma Ruzhang [7456 1172 
3864], and Lin Qin [2651 0530] of the Department of 
Material Physics, Beijing Science and Technology Uni- 
versity, Beijing 100083; Zhang Jiaji [1728 1367 7535] 
and Tu Guochao 3205 0948 6389] of the Institute of 
oN ay Patron 100085: “Study 


where M’ represents Cu; M”, the element Nb, oan ¥, Hf, 
or Ta. M’ and M™ are nanocrystal-forming elements. 


technology and the magnetic study of nanocrystal alloys. 
not very clear. In order to uncover the functions of the 


where a is reaction rate; T, temperature; A, frequency 
factor; ®, temperature increasing rate; f(a), reaction 
function; and E, activation energy of crystallization. 


By integration (Doyle-[phonetic] method),’ we obtain 
the following relation: 


_AE_ 
o=— — 2.315 — 0.4567E/RT. 
ee o@ & ~e- RF(o) / 


When a is a constant, F(a) is also a constant. When lg ® 
vs 1/T is plotted, the slope is (-0.4567 E/R). From the 
slope, we can obtain the activation crystallization energy 
E of the different crystallizing fractions. 
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i 
P#a 


The amorphous alloys for this experiment 
form and made by the single-roll chilling 

specimens’ compositions were Fe,, ,Cu,Nb,Si,; 5 
Fey, sCu,Si,3 sBy, and Fey, 5Si,; sBy(at%). The 


iz 


sions of each specimen were 10 mm x 18 pm. The 
analysis of Fe,, ,;Cu,Nb,Si,,, B, was conducted with 
DTA due to its high crystallization temperature. The 
analyses of the other two alloys were conducted with 
DSC. 

2. Results and Discussions 

Every DTA or DSC curve of the Fe-Si-B alloys displays 
entice Femi maton ton Ten 
sponds to the a-Fe solid solution second 


The aforementioned experiments show that the addition 
of Cu markedly reduces the crystallizing activation 
energy, and the increase of Nb markedly raises the 
crystallizing activation energy. Past experiments‘ indi- 
cate that the most important factor affecting the stability 
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increase the stability of the amorphous alloy. Ap is 
related to the cohesive energy which controls the tenden- 
cies of repulsion or attraction among atoms. Chen 
Heshou points out that interactions among atoms 
increase as the differences of electron negativities of the 
constituents amplify. The quasi-chemical approximation 
method is used to calculate the interaction parameters 
and the bonding energies among atoms in the amor- 
phous alloys. Assuming that ¢,,, &g,, and &,, are the 
bonding energies of atomic pairs A-A, B-B and A-B, 
respectively; @,, is the interaction parameter of the A-B 
atomic pair, X, and X, are the electron negativities of A 
and B atoms, respectively, then 


Nas - 96.5(X, — Xs), 
Nebas ™ Newas + x (ous + was)s 





E (kJ/mol 
ees 8 9 

















.. re 
Figure 2. Activation Energy vs Crystallized Fraction of 
Different Alleys 


1: Fez3,sCu,Nb;Si,3.5 By, 2: Fez, sSi,3 5B, 3: 
Fe7¢ sCu,Si,; sBy 








Table 1. Interaction Parameters and Bonding Energy Among Atoms in Alloys 


























Atom P 4 Interaction parametcr (kJ/mol) Bonding emergy (hmmm) 
Fe Si B Cu Nb Fe Si B Cy Nb 
Fe 1.83 J 203.00 
Si 1.90 0.478 J 190.47 177.00 
B 2.04 4.256 1.891 J 232.26 216.89 253.00 
Cu 1.90 0.473 0.000 1.891 J 187.97 174.50 214.39 172.00 
Nb 1.60 5.105 8.685 16.682 8.685 349.10 339.70 387.80 337.10 485.00 
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As the Nb and B atoms are difficult to dissolve in a-Fe, 
they will be repelled to unrestricted phase boundaries 
and form separate conglomerates. The selective interac- 


solution crystals difficult. Eventually, the 
line structure is formed in the Fe-Cu-Nb-Si-B alloys. 


which will prevent the growth of the a-Fe solid solution 
crystals. As a result, this combined effect achieves the 
formation of a nanocrystal structure in the Fe- 
Cu-Nb-Si-B alloys. 
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Nanoscale Solids Via 
Condensation/In-Situ — * 
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{Letter by Zhu Yong [2612 0516] and Qin Yong [4440 
0516] of the Institute of Solid State Physics, Chinese 
Academy of Sciences, Hefei 230031: “Nanoscale Solid 
Mo and Mo,N Made by Direct-Current Magnetron 
Sputtering/Chilled Condensation/In-Situ Pressurization 
Method,” funded by NSFC; MS receipt date not given] 
[Text] Nanoscale solid materials are bulk solid materials 
constituted with ultrafine particles having quantum sur- 
face effects and volume effects. They are a new and 
currently emerging active field in materials develop- 
ment. This paper presents some of the experimental 
results of preparing nanoscale solid molybdenum and 
Mo,N with the magnetron sputtering/chilled condensa- 
tion/in-situ pressurization method. 

The nanoscale solid materials are manufactured with a 
locally made IAC-1 apparatus, which performs the glow- 
discharge/chilled condensation/in-situ pressurization 
process including the following functions: direct-current 
(d.c.)/radio-frequency magnetron (reaction) sputtering; 
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resistance-heated glow plasma reaction; and resistance- 
heated bipolar sputtering/chilled condensation/in-situ 


gas (oxygen, nitrogen, etc.) reactions. The d.c. magnetron 
sputtering/chilled condensation/in-situ pressurization 
process and the pure Mo target (3N) are used to make the 
nanoscale Mo and Mo,N solids. First, the vacuum 
chamber is evacuated to a pressure of 4 x 10“ Pa, and 
then back-filled with circulation gas. To make the nano- 
scale Mo solid, the back-fill gas is argon at 0.5 Pa and the 
d.c. sputtering. parameters are 0.4 kV and 2 A. The 


Mo.N, H, = 1850 kg/mm’. The test results show that the 
microhardness of the non-sintered nanoscale Mo solid 
with an average particle size of 8 nm still agrees with the 
trend of the Hall-Petch relation. 

The nanoscale solid particles made by this method have 
comparatively uniform particle size, because the condi- 
tion of sputtering or evaporation is quite constant at the 
target surface. When nitrogen is introduced, the target 
surface is activated by the plasma, the surfaces of the 
materials are also activated, and the nitrogen 
molecules are ionized. Therefore, when the conditions 
are right, nitrides are easily formed. These are the main 
reasons why it is possible to produce the nanoscale Mo 
sizes. 


Preparation of, Size Effects in 
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[Article by Lu Shengguo [7627 5110 0948), Zhang 
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[Text] Key words: Sol-gel technology, In-situ growth, 
Nanocomposites, Quantum size effects. 

1. Introduction 

With the development of high and new technologies, 


The CdO-SiO, gel glass is made by a two-step hydrolysis 
technique.° The CdO contents in CdO-SiO, are 1, 2, 5, 


(2) Dissolve cadmium acetate in methanol; 
(3) Pour solution (2) into solution (1), stir for 30 min, 


then pour the mixed solution into the basic solution of 
= 10.5-11.5); 


(4) Stir the solution for 5 to 30 min, pour the solution in 
a glassware (after | to 2 days, the solution forms a wet 
gel), then leave the gelled 
temperature for 5 to 15 days; 


solution to dry at room 


(5) Heat treat the dried gel at 500-700°C for a few hours 
so that a porous gel glass is formed; 


(6) Set the porous gei glass to react with HS in vacuum 
to form the yellowish CdS microcrystals, which is the 
final specimen. 

The specimen density is 2.0 gm/cm? by the Archimedes 
method. Its refractivity is 1.3-1.4 measured with an 


; absorption 
ducted with a Shimadzu UV-240, and the fluorescent 
spectrograph is measured with an LS-50 made by PE 
Company. 


3. Results and Discussion 


3.1 XRD Analysis 


The x-ray diffraction analysis is conducted with CuKa 
radiation. The diffraction angle range is from 15° to 60° 
with an increment of 0.04°; scanning speed, 10°/min; 


ening 
angle of the peak; k, a constant related to B (when is the 

integrated width, then k = 1; if B is the mid-peak width, 
k = 0.9). Table | shows the diffraction results after the 
deduction of instrument radiation width. 



































Tabie 1. Peak Parameters and Crystal Size 
See pe Peak Fall width Name Crystal 
then (28) latemetty at half cade = Heews 
mean — eee enters 
i 
24.695 424 2.9859 100 3.0 
26.561 $51 2.3533 002 3.5 
28.304 436 2.2884 101 3.6 
43.935 604 24115 110 3.8 
47.973 322 3.9670 103 2.2 
50.504 79 1.6483 200 $.3 
$1.706 371 1.7319 112 5.1 
52.633 256 1.9415 201 4.0 
$4.410 47 1.6767 004 $.3 
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Figure 2. Separation of Peaks: (110), (103), (200), (112), 
(201), and (004) 





3.2 Absorption Spectrograph 

The absorption spectrograph is measured within the 
po = cha ce ch) «Pyare 7 oma 
edge is observed among CdS-SiO, specimens of 
— ——— — 


3.3 Fluerescent Spectrograph 


Figure 4 shows the fluorescent spectrograph of the CdS- 
ee See 

tation wavelength is 420 nm; filter cut-off wavelength, 
430 nm. As the reaction time is reduced, the peaks i 


saucepan oie dah atts auaiion alee 
3.4 Quantum Size Effects 


When the corresponding energy of the absorption edge 
is considered as the shift (transition) energy between 
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Figare 4. CdS-SiO,, Fleorescent Spectrograph 
tien With H,S. Top to bottom: 5, 7, 48 hr. 


Ex: 420 nm, Filter: 430 am 























af 
gs 
Bu 
ee 
coal 
Lent 
22 
25. * 

— gees 4 
Inverse of square of 
crystal radius 
(A-2 x 103) 
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experiment is from that obtained by Potter and 
Simmons.’ Their exciton mass in the CdS glass com- 






































os of Eq. (2), b) second term of Eq. (2), c) third term of Eq. 
d) the difference between the maximum corresponding sbsorption 
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A crucial factor in developing optoelectronic devices is 
in the area of nanometer especially 
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of E. Spiller et al., to improve the resolution to the 
maximum (5 —. A), the photoresist must be very thin, i.e. 
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Figure 4. Developed SEM Photo of | 
X-Ray Exposed PMMA LB Photoresist 
(checkerboard pattern) 


Since lithography results depend also on other factors 


ex~eriment, merely the results of our first trial, are 
deemed as preliminary; however, the experiment shows 
that there is a valid potential of making X-ray photore- 
sists with LB films. The fact that the resolutions of the 
films progress from the micron to the submicron range, 
even to the nanometer range is especially important. 
Moreover, for the same resolution, employing the LB 
film can lessen the X-ray equipment requirement, e.g., 
reducing the demand on X-ray power, and eventually 
cutting down the cost. To overcome the problem wherein 
a thinner film leads to a weakening of the photoresist, 


26 








More Reports on Nanomatcrials 


en, Se ee 


94FE0161A Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BULL in Chinese Vol 38 No 18, 
16-30 Sep 93 pp 1649-1651 


[Article by Zou Bingsuo [6760 3521 6956], Tang 
Gueqing [3282 0948 1987], Zhang Guilan (1728 2710 
$695}, and Chen Wenju [7115 2429 7467] of the 
Institute of Modern Optics, Nankai University, Tian- 
jin, 300071, and Li Tiejin (2621 6993 3160}, Zhang 
Yan [1728 1484], and Xiao Liangzhi [5135 $328 6347) 
of the Department of Chemistry, Jilin University, 
Changchun, 130023: “Preparation and Optical Prop- 
erties of Cu,O Nanoparticles,” funded by the Natural 
Science Foundation of China and the Post-Doctoral 
Foundation of the State Education Commission; MS 
received 5 Nov 92, revised 1 Mar 93] 


[Text] Key words: Cuprous oxide, nanoscale particles, 
preparation, exciton limitation, optical characteristics. 


Due to the quantum confinement effect, semicon- 
ducting nanoparticles produce a series of new 
phenomena,** among which the materials with ultra- 
fast optical nonlinear response have been particularly 
noticed. It is predicted that these semiconducting 
materials will be the basic optoelectronic materials of 
the future. The study of the opto-absorption and - 
relaxation properties of nanoscale crystals will help us 
further understand the mechanism of nonlinear optical 


response. 


When the size of a semiconducting nanocrystal is as 
small as the Bohr radius ag of its own phase, a series of 
changes of electronic state and optical property can be 
observed. These phenomena are observed in the semi- 
conducting nanocrystal systems of CdS, CuCl, CdSe, 
PbS.** The ratio of the nanocrystal radius R to its 
Bobr radius a, can be used as the general guideline to 
determine the influence of the quantum confinement 
effect on the electronic state:* When R/ag < < 1, the 
nanoparticles are in the strong quantum confinement 








zone, and their energy levels of electrons and holes are 
clearly separated; however, when R/ag >> 1, the 
nanocrystal is in the exciton confinement zone where 
the excitons act as quasi-particles whose translation 
kinetic energy’s degree of freedom is confined within 
the three-dimensional space; as a result the exciton 
energy increase is limited. Currently, only CuCl nanoc- 
rystals are being researched as an exciton- 
confinement-zone material, and they are also good 
model materials for the study of excitonic molecule 
properties. This paper presents the preparation of 
cuprous oxide (Cu,O) nanocrystals and discussion of 
their optical properties, as well as a discussion of 
results based on the model of exciton responses to the 
quantum confinement effect. 


1. Experiment 


The Cu,gO nanocrystals are made by the oxidation- 
reduction method in a micro-emulsive liquid. The 
process flow diagram is as follows: 


The Cu,O nanocrystals made by this method are all 
coated with sodium dodecylbenzene sulfonate (DBS) 
molecules, and form a transparent sol with toluene. 
The crystal sizes can vary within the limit of $-10.0 om 
as determined by the initial value of [CuAc,}/[DBS]. 
The transmission electron microscope and the low- 
angie X-ray scattering experiments show that the 
spread of the Cu,O nanocrystal dimensions is very 
narrow. About 93 percent of the crystal dimensions 
have the median radius, and the rest are distributed 
within the 10 percent of the median radius. The radius 
distribution of the nanocrystals is thus well suited for 


the study of optical properties. 


The room-temperature photoluminescence and excitation 
spectra of the Cu,O nanocrystal sol series are measured 
with a Hitachi F-4000 fluorescence spectrometer. 


2. Results and Discussions 


The visible-ultraviolet absorption spectra of Cu,O0 
nanocrystal (9.0 nm) organic sol starts at 650 nm. The 
absorption rate gradually increases toward the high- 
frequency region, but there is no clear indication of 
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structural absorption characteristics. This implies that 
the phenomenon is influenced by two factors: one is 
the temperature and solvent effects; and the other is 
the size effect. Because the dimensions of the nanoc- 
rystal are far greater than the Bohr radius a, (0.7 om) 
of its own phase, the increase of the exciton energy is 
not obvious, and the energy separation induced by the 
confinement effect is very minor. 


Figure 1 shows the photoluminescence spectra of the 
CugO nanocrystals. The excitation luminescences are 
(1)330 nm, (2) 400 nm, (3) 440 om, (4) 460 am, (5) 510 
om, and (6) $32 nm. Five luminescence bands are 
visible in the neighborhood of 400 nm, 475 am, 505 
nm, 540 nm and 565 om. The last four bands corre- 
spond to the existing four luminescence bands in the 
exciton systems, namely, indigo, blue, green, and 
yellow.* The energy changes in the exciton confine- 
ment zone are com paratively small. The luminescences 
are undoubtedly fluorescence resonance emissions. In 
addition, the luminescence at 400 nm indicates the 
presence of energy jumps between bands within the 
Cu,O crystal. The emission luminescence has not been 
reported in the past, but its absorption structure was 
reported long ago.” The emission from the bottom of 
the conduction band in the exciton confinement zone 
possibly originates from the bound excitons formed at 
the bottom of the band; however, further proof is 
needed. As to the luminescence phenomenon of solids 
at high energy level (or energy band), it is rarely seen in 
solid-state phases and many other nanocrystals. How- 
ever, in our research we have observed that the phe- 
nomenon of increasing high energy-level radiation 
jumps not only takes place in the aforementioned 
Cu,O nanocrystals, but could also occur in the coated 
CdS and PbS nanocrystals. It is quite likely that in the 
high energy-level neighborhoods of the quantum con- 
finement and dielectric confinement zones, stable 
bound excitons are formed, and consequently, they 
reduce the non-radiation jumping probability of the 
electrons or holes due to vibrations or impurities; thus, 
they enhance the radiation jumping. The phenomenon 
deserves further probing, because it has direct bearing 
on the enhancement of the system's nonlinear optical 
phenomena. 


Figure 2 shows the excitation spectra of Cu,O nanoc- 
rystal (0.9 nm) emission at (a) 600 nm and (6) 580 am. 

They are equivalent to the exciton wavelength absorp- 
tion structure.* Figure 2 shows the exciton jumps in the 
indigo, blue, green, and yellow series are al] mutually 
related,* and have an obvious relationship with the 
jump at about 380 nm. There is a corresponding 
spectral region of each individual series, and occasion- 
ally these spectral regions overlap. The relatively low 
vibrator absorption intensities of the yellow and green 
exciton series are caused by the dipole forbiddenness 
of the jump.® 
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Another interesting phenomenon in the excitation 
spectra is that the dipoles allow the indigo and blue 
exciton series having the multi-peak structures of jumps. 
Such structures are caused by the quantization of the 
exciton energy which in tum is due to the spatial 
quantum confinement effect."° Hanamura*® has sug- 
gested a simplified mode. He assumes the exciton to be a 
quasi-particle situated in a semiconducting nanosphere; 
when R/ag >> 1, the exciton energy (| =m =0) that 
allows jumps is expressed as 


E, =E,-E%. +0", (1) 


where E, is the quantum confinement energy (h*n*/2 M 
R*) and E*., is the exciton bonding energy which varies 
with exciton’s principal quantum number. The quan- 
tization of excitons follows the equation E. =E,/n’*, 
where E, is the effective exciton Rydberg energy (ue*/ 
2h*e*,), M =m, +m,, # =m, m,/m, +m,, and hence 
the equation 


E, =E, - E/n® +n°E, (2) 


is used to describe the different exciton jumps with 
different principal quantum numbers in the same 
series. Our test results as shown in Figure 2 and Table 
1 have proved the validity of Equation (2). 





Table 1. Theoretical Value and Experimental Values of 
Indigo Excitoo J ump 




















Experimental value (R =4.5 Calculated value (R =4.35 am, 
am, ap @0.7 am) E, ©146,413 am, Ey @12,407 am) 
EB, =468.2 40*8 

E2 =451 451 

E3 =438 4419 

Eq =428.8 432.1 

Es =420.6 420.6 








The aforementioned results demonstrate that the con- 
clusion that the exciton energy increase in the exciton 
confinement zone is limited is valid only for the energy 
jump when n =1. When n 2 2, the blue shift of the 
jump is relatively significant. In this case, exciton 
jumps of different principal quantum numbers split 
away from one another, while the nanocrystal optical 
nonlinear response produces mesoscopic 
strengthening.* This phenomenon will benefit our 
study of mutual reactions among the excitons within 
the exciton confinement zone, such as the super- 
radiation phenomenon.”™"* Thorough research on the 
above phenomenon would be very worthwhile. 
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(Text) 
Abstract 


SiC ultrafine powder is prepared by the CVD [chem- 
ical vapor deposition] method using low-molecular 
polysilane as precursor and argon as carrying gas. The 
relationships between the powder properties and the 
preparation factors such as reaction temperature, car- 
rying-gas flow rate, and reactant densities are studied. 
The 8-SiC ultrafine powder with uniform size (< 0.1 
pm), high purity (30 weight percent of carbon content), 


10. 














and homogeneous crystalline structure is obtained 
through the decarbonization, deoxidization, and crys- 


tallization processes. 


Key words: ultrafine silicon-carbide powder, CVD, 
low-molecular polysilane. 


1. Introduction 


Due to its high-temperature mechanical properties, 
and good thermal shock-resistance property, SiC is one 
of the major materials in research on using high- 
temperature ceramics for engine parts.’ 


To make superior ceramics by a sintering method, one 
of the crucial techniques is to prepare ultrafine (nano- 
scale) ceramic powders having the properties of non- 
agglomeration, size uniformity, and high purity.* The 
best method to prepare SiC ultrafine powder is the 
chemical vapor deposition (CVD) method.® 


Among the several CVD methods, one is to prepare the 
SiC ultrafine powder from reactions between silicon- 
content monomers (eg., SiC, S and carbon- 
content monomers (e.g., CH,, CsHg),°; and another, 
from the thermal decomposition of organic silicon 
compounds containing both carbon and silicon (e.g., 
CH,SiCl,, CH,SiHy, [(CH,)sSi}s, etc.).** However, in 
the monomer reactions, the existence of chlorine 
reduces the production rate, corrodes the equipment, 
and pollutes the environment. Moreover, when the 
carbon-to-silicon ratio (C/Si) is too low, too much free 
silicon is produced. Therefore, it is worthwhile to 
research other systems. 


This paper studies the production factors of making 
SiC ultrafine powder from low-molecular polysilane 
(LPS), which is a by-product from synthesizing poly- 
alky! silane, as raw material and high-purity argon as 
carrying gas. The research also analyzes the composi- 
tion, structure, and configuration of the ultrafine 


powder. 


2. Experimental Work 

2.1 Raw Materials: LPS is a by-product generated from 
the cracking process of making polyalky! silane from 
polysilane. It is a pale yellow liquid composed of 
organic silicon oligomers with different boiling points. 
These oligomers have chain or ring structures with 


| 
5 or — 


as the backbones, and an average molecular weight of 
250. They vaporize completely at 300°C. 
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2.2 Carrying Gas: The carrying gas is mp gee! argon 
with 12 x 10°° of oxygen and 16.5 x 10° of H,O as 
analyzed with a DH-3C trace-oxygen analyzer and a 
US-1-1A trace-water analyzer, respectively. 


2.3 Apparatus for Preparation of SiC Ultrafine 
Powder: As shown in Figure 1. 











noe | ea 
aration of SiC Ultrafine Powder * 


1. LPS and flowmeter; 2. Carrying gas and flowmeter; 3. 
Vaporizer; 4. Furnace; 5. Powder collector, 6. Pyrolysis 
tube 





24 Decarbonization, Deoxidization and Crystalliza- 
tion of the Ultrafine Powder: The SiC ultrafine-powder 
product from the reaction is amorphous. The powder 
is treated at 1600°C for crystallization as well as 
decarbonization and deoxidization to remove the free 
carbon and oxygen in the ultrafine powder. 


25 Ultrafine Powder Characteristics: The powder’s 
infrared spectrum is obtained with a Hitachi 270-30 
infrared spectrometer. The size and configuration of 
the powder are determined with a Hitachi H-800 
transmission electron microscope (TEM), the powder 
crystal structure, with a type D/max-IIIA X-ray diffrac- 
tometer; and the carbon, hydrogen, and nitrogen con- 
tents, with a USA PE2400CHN element analyzer. 


3. Resalts and Discussions 


3.1 Effects of Reaction Temperature 


Under the condition that the argon flow rate is con- 
trolled at 0.24 L/min; and LPS flow rate, 0.025 g/min, 
different powder batches are made within the tempera- 
ture range of 900 to 1300°C, as shown in the TEM photos 
in Figure 2. The reaction temperature has little effect on 
the particle size and configuration. The powder diame- 
ters are between 0.05 and 0.1 wm with very narrow 
distribution, and most particles are spherical. 














(b) T. = 1300T | 
Figure 2. SEM ee ee 


Ar: 0.24 L/min; LPS: 0.025 g/min; Vaporizer tempera- 
ture: 200°C 





Figure 3 shows the relationship between the powder’s 
carbon and the hydrogen contents and the reaction 
temperature. The carbon content increases and the 
hydrogen content decreases with the increase of the 
reaction temperature. The fact that the hydrogen content 
in the SiC product is zero at the reaction temperature 
1300°C indicates that the transformation of the organic 
LPS to the inorganic SiC is complete. In LPS, the ratio of 
carbon to silicon is 2:1, therefore the total carbon con- 
tent in the ultrafine powder exceeds the theoretical value 
(30 weight percent) and free carbon exists in the final 
product. At low temperature, the main cracking product 


is CH, which will be carried out by the gas flow; as a 
result, the carbon content is comparatively low for the 
low-temperature reaction product. At high temperature, 
the cracking product is mainly Hg, therefore the free- 
carbon content in the product increases. 











T/T 
Figure 3. Effect of Reaction on the C and 
H Mass Content ia Powder 





Figure 4 depicts the infrared spectra of products 
obtained at different temperatures. It shows that as the 
temperature increases, the transformation of the organic 
LPS to the inorganic SiC is gradually completed. At 450 
cm’, there is a Si-O absorption peak. As the temperature 
increases, the peak becomes weaker. The existence of the 
Si-O bond is caused by the infusion of oxygen, one of the 
impurities in LPS. 
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32 Effects of Carrying-Gas Flow Rate 


When the reaction temperature is controlled at 1100°C 
and LPS flow rate at 0.025 g/min, at different argon flow 





rates, the ultrafine powders remain spherical. When the 
argon flow rates are 0.088 L/min, 0.24 L/min, and 0.535 
L/min, the diameters of the ultrafine powder are 0.1 um, 
0.075 wm, and 0.04 um, respectively. The SiC ultrafine- 
powder diameter decreases with an increase in the argon 
growth is a kinetics 
phenomenon. After SiC ultrafine powder is formed, its 


growth depends on its length of stay in the furnace. The 


and argon flow rate at 0.24 L/min, SiC ultrafine 
powders are prepared at different LPS flow rates. The 
results show that when the LPS flow rate is at 0.025, 


0.065, or 0.160 g/min, all powders are spherical having 


a diameter 0.75 um, which indicates that the LPS flow 
rate does not affect the size or the configuration of the 
SiC ultrafine powder. 


3.4 Decarbonization, Deoxidization, and Crystallization 
of SiC Ultrafine Powder 


As aforementioned, the SiC ultrafine powder prepared 
by this method contains free carbon and SiO,, which as 
im purities produce unfavorable effects on the material; 
thus, decarbonization and deoxidization are needed. 
Besides, the prepared SiC ultrafine powder is amor- 


phous, therefore, crystallization is also needed. 


To achieve the purpose of decarbonization and deox- 
idization and in the meantime crystallization, this 
process utilizes high-tem perature (about 1500°C) reac- 
tion in which free carbon reduces SiO, and forms 
gaseous SiO and CO, which eventually evaporate. At 
the same time the ation is also completed. 
The XRD results (Figure 5) show that as the crystalli- 
zation tem perature increases, the SiC ultrafine powder 
gradually transforms from the amorphous state to the 
B-SiC crystalline state. When the reaction temperature 
reaches 1500°C, 8-SiC is virtually completely crystal- 
lized, and no other phases are observed. 


Figure 4 shows that after crystallization for 2 hours at 
1$00°C, the infrared absorption peak at 450 cm“ in the 


SiC ultrafine-powder spectrum disappears, which indi- 
cates that the powder is deoxidized. 


The element analysis shows that the carbon content of 
decarbonized SiC drops from 39.54 percent to 30.15 
percent, which is basically close to the theoretical 
carbon content (30 percent) of SiC. The fact that the 
color of the ultrafine powder changes from brownish to 
whitish also indicates that the powder is completely 
decarbonized. 
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40 
Figure 5. XRD Patterns of SiC Powder Treated at Dif- 
ferent Temperatures 


1. Not treated; 2. 1380°C; 3. 1450°C; 4. 1500°C 





4. Conctusions 


(1) The LPS CVD technique can produce SiC ultrafine 
powder. The technique is feasible because of its 
low processing tem perature, lack of corrosion, and 
sim ple procedures. 


(2) The carbon and hydrogen contents are mainly 
controlled by the reaction tem peratures: the higher 
the reaction temperature, the higher the carbon 
content, and the lower the hydrogen content. The 
SiC ultrafine-powder size is controlled by the car- 
rying-gas flow rate: the higher the flow rate, the 
smaller the particle size. 


(3) After the transformation from LPS, the SiC 
powder product is always carbon rich. After the 
decarbonization, deoxidization, and crystalliza- 
tion treatment, high-purity, uniform-sized and 
almost completely crystallized spherical §8-SiC 
ultrafine powder can be obtained. 
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[Text] Nanoscale Si thin film (nc-Si:H) is a nanoscale 
material composed of nanoscale ultrafine crystals.** The 
material contains 50 volume percent of crystals, and the 
other 50 percent contains a large number of interface 
atoms which greatly affect the structure and the property 
of the nanoscale material.* Because of the novelty of the 
nanoscale Si thin-film structures, the film has a series of 
special characteristics that are different from crystalline 
or amorphous materials made of similar substances. 
These egtical characteristics present application 
al. 


potenti 


The scanning tunneling microscope (STM) developed 
in the early 1980s has been widely used in different 
fields.*’ The study of polycrystalline Si thin film with 
STM has achieved some resuits,~** mainly in the 
exploration of the film’s surface characteristics and 
topography. However, so far there has been no report 
of STM research on the nanoscale material’s crystal 
interface, which has an important effect on the struc- 
ture and properties of the nanoscale material. In this 
paper, we utilize a locally made STM to study the 
surfaces of nanoscale Si thin films whose thickness 
varies from sub-micron to atomic scale. A series of 
data, especially on the crystal interface structures, is 
obtained. 
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1. Experimental Method 

The nanoscale Si thin-film specimen is prepared with a 
plasma capacitively coupled chemical vapor deposi- 
tion (PECVD) system, with highly hydrogen-diluted 
silane as the reaction gas, and by the excitation of an 
r.f. +DC double-power source. 


The instrument used in the research is a type CSTM- 
9000 STM for atmospheric use,** manufactured by the 
CAS Institute of Chemistry and equipped with a 
needie made of 80Pt-20Ir alloy (diameter: 0.25mm) by 
mechanical cutting or a tungsten needle (diameter: 
0.25mm) made by chemical etching. In a constant- 
current mode, each image is sampled with 
180 x 180 points. The surface heights are reflected by 
the varying shades of grayish color in the image. The 
voltage between the needle and the specimen tunnel 
junction is between 0.5 V and 2 V, with needle as 
positive. The maximum tunnel current selected for use 
has reached 1 nA, and generally is avout 0.5 nA. In the 
following test results, the STM images are only the 
outcomes after the original data were smoothed. The 
scanning time for each image varies: from 3 min (for 


large images) to 15 s (for small images). 


2 Resalts and Discusion 


The STM images of nanoscale Si thin film of different 
magnifications in atmosphere are displayed from sub- 
micron to atomic dimensions. Figure 1 shows the 
obverse STM image of the nanoscale Si thin film 
obtained with the tungsten needle. The needle bias is 1 
volt; and the current, 0.45 nA. The scanning areas of 
Figures 1(a) and 10) are 40.9 nm (x-direction) x 48.8 
nm (y-direction), and 20.5 nm x 24.4 nm, respectively. 
Figure 1 shows that the nanoscale Si thin film is 
composed of many ultrafine particles. The densities of 
the surface particle arrangements vary. The particle 
boundaries are very clear. From Figures 1(a), and 1(b) 
especially, the sizes of the nanoscale Si thin-film par- 
ticles can be estimated as 3 nm-5 nm, which closely 
coincide with the results from high-resolution electron 
microscopy (HREM).'* The image obtained with the 
mechanically cut Pt/Ir needle shows comparatively 
smooth regions between the nanoscale particles in the 
nanoscale Si thin film, due to the large radius of 
curvature of the mechanically cut Pt/Ir needle tip.** 
Figure 2 shows the three-dimensional STM near- 
atomic image of the nanoscale Si thin film obtained 
with the Pt/Ir needle. The STM parameters are: needle 
bias V, =1.0 V; tunnel currents I, are 0.4 nA and 0.6 nA 
for Figures 2(a) and 2(b), respectively; and the scan- 
ning areas are 4.10 nm x 4.88 nm and 1.7 nm x 1.0 nm, 
respectively. Figure 2(a) shows that the atoms in the 
brighter areas arrange in an orderly pattern, and the 
darker areas are the boundary surfaces of the crystals 
where the atom arrangements are somewhat random. 
This observation essentially coincides with Gleiter’s 











nanoscale material structural model.* Two scratch 
marks caused by the unstable needle are displayed in 
Figure 2(a). Figure 2(b) displays the orderly arrange- 
ment of atoms with a distance of about 3 Angstroms 
between neighboring atoms. At this position, we 
believe that the area of STM observation is focused on 
the particle. Since the particle is crystalline,’ the 
orderly arrangement of the atoms is observable. 


Figure 1. Plane Image of Nanoscale Si Thin Film 
Scanning area: (a) 40.9 om x 48.8 nm, (6) 20.5 nm x 24.4 
om 





This experiment has found that the needle bias for image 
formation should not be too low to cause needle insta- 
bility, which is probably due to the nanoscale Si thin-film 
surface oxidation. On the other hand, during the prepa- 
ration of the nanoscale Si thin-film specimen, the reac- 
tio a between silicon and hydrogen may hinder the sur- 
face oxidation. These results are only preliminary. 


Further study is in progress. 
3. Comctusions 


The STM study of nanoscale Si thin film reveals that 
this film is composed of nanoscale particles with 
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Figure 2. Three-Dimensional STM Near-Atomic Image 
of Nanoscale Si Thin Film 

Scanning area: (a) 4.10 nm x 4.88 nm, (6) 1.7 nm x 1.0 

nm 





average particle size of 3 am-5 nm. Through the STM's 
high-resolution imaging capability, the near-atomic 
im ages on the thin-film surface are directly observed. 
The images show that the atom arrangement of the 
nanoscale particles is orderly, and the atom arrange- 
ment between the particles is comparatively random. 
These results coincide with past observations by 
HREM, and further disclose the microstructure of the 
nanoscale Si thin film. 
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[Text] SnO, nanoscale crystal powder is prepared with 
a hot-water method as follows: The metallic tin powder 
is mixed with nitric acid and the reaction turns the 
mixture into a transparent solution. The solution is 
then mixed with polytetrafluoroethy lene and loaded in 
an autoclave at 150°C for 24 hours. After the treated 


solution is cooled to room temperature, white SnO, 
powder is obtained. The powder is washed thoroughly, 
baked at 150°C for 24 hours, and then into a 
plate under a pressure of 10° kg/cm*. The initial 
particle size of the specimen is 3 nm. After annealing at 
different temperatures, nanoscale SnO, powders of 
different particle sizes are obtained. The powder 
crystal structure belongs to the rutile type, and there is 
less than 1 percent of impurities in the powder. 


The Raman spectrum is measured with a U.S. SPEX- 
1403 laser Raman spectrometer. The excitation light is 
the 514.5-nm line from an argon-ion laser. The back- 


scatter configuration is adopted. All measurements are 
conducted at room temperature. 


Figure 1 shows that the peaks in the Raman spectra are 
of two different groups: the peaks in one group, called 
mode A, correspond with the peaks in the monocrys- 
talline or polycrystalline SaO, spectra. The Raman 
spectrum peaks with wave numbers of 472, 632, and 
773 cm" are designated as A,, Ag, and A,, respectively. 
In the other group, called mode B, the peaks with wave 
numbers of 358 and $72 cm“ are designated as B, and 
B,, respectively. The mode-B peaks do not exist in the 
monocrystalline or polycrystalline SnO, Raman 

This observ ation indicates that the appearance 
of B, and B, peaks is caused by the nanoscale effect. 
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Figure 1. Raman Spectra of Different Nanoscale SaO, 
1-6 are 3, 4.4, 6.5, 9, 13, and 90 nm, respectively 





All the peak intensities in Figure 1 are normalized 
according to the intensity of peak A,. As shown in 
Figure 1, the intensity ratios of the peaks in mode B to 
the peaks in mode A increase rapidly with decrease in 





crystal size. This observation is similar to the phenom- . 
enon wherein surface-atom fractions rapidly increase | 
with decrease in crystal size. We assume that the B, 
and B, peaks are caused by the surface phonon modes 
and are closely related to the A, and A, peaks. This 
ent shows that the frequencies of the B, and B, 
peaks are lower than those of the A, and A, peaks. The 
appearance of the low-frequency surface phonon 
modes is induced by the relaxation among the surface 
atoms. This relaxation weakens the interaction among 
the surface atoms, and consequently reduces the sur- 
face force coefficient. 


Calculations based on the Raman spectra of nanoscale 


solid materials are expected to generate the specific 
positions of the nanoscale surface atoms. 
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